In addition there may be considerable oscillations of flow in the loop.5 Associated weakness of the respiratory muscles may also contribute to and compound these abnormalities.
In patients with motor neurone disease bulbar involvement is usually associated with a poorer prognosis,' mainly due to aspiration pneumonia. We reasoned that, if dysfunction of the upper airway is related to bulbar involvement, its evaluation at presentation might be of clinical relevance to patients with motor neurone disease.
We aimed to establish the presence and characteristics of upper airway dysfunction in patients with motor neurone disease at the time of diagnosis and to assess its relation with bulbar abnormalities and prognosis.
Methods

PATIENT CHARACTERISTICS
Thirty consecutive patients with a clinical diagnosis of motor neurone disease were referred to the pulmonary laboratory from the neurology outpatient clinic of our hospital between September 1987 and January 1991. All had their pulmonary function evaluated at the time of the initial referral and were not selected for respiratory symptoms. Neurological diagnosis was established from the clinical history, physical examination, neurophysiological studies, and disease progression. Bulbar involvement was defined by the presence of dysarthria or dysphagia, or both. Involuntary crying or laughter were considered manifestations of associated pseudobulbar palsy. Compressive lesions of the brain or spine were excluded in all cases by magnetic resonance imaging.
Twenty two patients had amyotrophic lateral sclerosis, three had progressive muscular atrophy, one progressive bulbar palsy, and one primary lateral sclerosis. Three other patients were excluded from the study, one because of concomitant severe pulmonary disease and two because of their inability to perform the tests at the first visit. The mean (SD) age of the 27 patients (14 women, 13 
Appel bulbar 9-6 (1-9) 9-5 (2-3) (1-5) NS 8-1 (2-3) 9 0 (0) flow oscillations and depicted some expiratory flow-volume curves with characteristics of airway obstruction. They observed sudden interruption of expiratory flow in patients who also had signs of bulbar involvement.' Brach"8 presented three patients with abnormalities of the maximal flow-volume loop and called attention to the concurrence of such abnormalities with bulbar and pseudobulbar involvement, independent of, or associated with, respiratory muscle weakness, and concluded that the maximal flow-volume loop abnormalities may help to select patients for tracheostomy to prevent aspiration. Assessment of abnormalities of the maximal flow-volume loop at presentation and their prognostic value were the main objective of our study. Five of the 12 patients with maximal flow-volume loop abnormalities showed reproducible oscillations of flow during expiration or inspiration. These may be caused by functional instability of the upper airway'2 due to lack of support, or to muscle incoordination causing mechanical derangement of its wall.5 In other studies patients with flow oscillations on the maximal flow-volume loop who underwent endoscopy exhibited rapid, intermittent changes of upper airway diameter. '9 In our study the remaining seven patients with maximal flow-volume loop abnormalities had flow indices consistent with upper airway flow limitation, which might be related to paresis or paralysis of the vocal cords.202' Progress and duration of the disease was similar in patients with flow oscillations and those with flow limitation. Nakano et a12' observed an increase of residual volume (RV) and RV/TLC in their patients with amyotrophic lateral sclerosis and attributed this to diaphragmatic weakness. In our study such an increase was present only in patients with gross oscillations in the maximal flow-volume loop, but diaphragmatic function was not evaluated. In those with features of upper airway flow limitation the possibility that these abnormalities were due to muscle weakness mimicking an obstructive patten cannot be excluded. Pimax was significantly smaller in patients in group A than group B, but differences between patients with maximal flowvolume loops of flow limitation and those with oscillations were not significant.
The maximal flow-volume loop in the remaining 15 patients (group B) was normal or generally reduced, with concavity of the flow loop with respect to the volume axis. This type of curve has been attributed to generalised muscle weakness in these patients.22 Presence of this pattern may identify those patients susceptible to developing respiratory failure. 22 The patients in our series with generally reduced maximal flow-volume loop did present with worse functional derangement than those with normal maximal flow-volume loop and were no more severely affected than patients with upper airway abnormalities. Deaths were fewer among patients with normal maximal flowvolume loops than for those with maximal flowvolume loops indicating muscle weakness. The differences in progress and disease duration were not significant, but the lack of significance may be related to the small number of patients included in each group. The possible prognostic value of abnormalities of the maximal flow-volume loop in patients with neuromuscular disease with bulbar involvement has been stressed by Vincken et al.2 At the time of the pulmonary function tests, bulbar manifestations were present in 11 of the 12 patients with upper airway dysfunction, in six of the 15 revealing no upper airway dysfunction, and in one of the patients with a normal maximal flow-volume loop. The intensity of bulbar manifestations did not vary from one subgroup to another. We suggest that, although upper airway dysfunction is seen more frequently in patients with bulbar abnormalities, it does not always accompany the latter. There was no correlation between prognosis or duration of the disease and the presence or absence of upper airway dysfunction.
In summary, upper airway dysfunction is a frequent finding in patients with motor neurone disease (44% of our subjects) and tends to occur more often in patients with bulbar manifestations. However, the observation of upper airway dysfunction did not by itself indicate a poorer prognosis.
